Introduction
Novel approaches using the endoscope in traditional neurosurgical procedures are increasing, as reflected by the number of publications in neurosurgical scientific journals. In contrast, there have been few publications on the incidence, type and anesthetic management of intraoperative and postoperative complications for neuroendoscopy. Moreover, there were no randomized controlled studies performed in this area for the period under review (since June 2003).
Minimally invasive techniques are not without risk and the anesthesiologist needs to be cognizant of the implications of the different approaches and the potential for intraoperative critical events. The anesthesia goals remain the same: careful preoperative assessment and planning, meticulous cerebral hemodynamic control to provide adequate cerebral perfusion pressure, patient immobility and the selection of an anesthetic technique which allows for rapid emergence from anesthesia and early neurological assessment.
Information from preoperative computed tomography (CT) or magnetic resonance imaging scans is tagged to an extracranial reference device by the stereotactic system. Typical systems require the application of a head frame [1 . ], although there is a trend towards frameless systems. Stereotactic surgery includes needle and open biopsies of various lesions, including tumors and abscesses [2 . ], and implantation of depth electrodes. Functional stereotactic surgery refers to the use of stereotaxis in alteration of brain function by either stimulating or ablating anatomical brain structures. In movement disorders such as Parkinson's disease, essential tremor, hemiballismus and dystonias, functional stereotactic ablation (pallidotomy, thalamotomy) or stimulation (subthalamic stimulation, globus pallidus stimulation) has been used effectively to control symptoms and signs [3 . . ]. The majority of stereotactic procedures are performed in an awake patient with little to no sedation. The anesthesiologists must be prepared to provide a continuum of care from the radiology suite to the operating room and, at the same time, provide optimal conditions for imaging, localization of the lesion and repeated neurological assessments.
There is little consensus on the optimum postoperative care of patients who have undergone stereotactic brain biopsy. Warnick et al. (AANS/CNS) Section of Tumors (629 neurosurgeons) to establish national practice patterns for the postoperative care of patients after stereotactic brain biopsy. Of the 263 survey responders, 155 (59%) performed routine CT after stereotactic biopsy and 108 (41%) reserved CT for patients with selected indications that included arterial or venous bleeding, difficult target location, nondiagnostic pathology, or postoperative neurological deficits. Most respondents (84%) closely monitored stereotactic biopsy patients in the postanesthesia care unit for up to 2 h after surgery. The subsequent disposition varied greatly: 248 neurosurgeons (94%) kept their patients in the hospital either in a monitored care setting (47%) or in a regular hospital ward (47%) and 15 (6%) discharged their patients home. Taking into account these results and after performing a retrospective study, the authors then developed an algorithm and prospectively studied 54 consecutive patients. They concluded, in contrast to the national practice patterns, that CT scanning and postoperative close monitoring (intensive care unit overnight) should be reserved only for patients who have an intraoperative hemorrhage or new deficits after stereotactic brain biopsy. They suggested that all other patients can be monitored for 2 h in the recovery room and transferred to a regular hospital room without a postoperative CT scan. The decision of same day discharge for these patients is often influenced by other patient factors such as social circumstances and type of pathology. At our institutions, highly motivated patients with adequate family support are discharged the same day and return as outpatients to discuss the pathology results. We reserve overnight stays for patients with a preexisting neurological disability, inadequate support at home, or a long commute, and for those with whom we need to discuss the preliminary pathology or initiate urgent treatment before discharge.
Shunt revisions
It is estimated that 30-40% of all cerebrospinal fluid shunts in pediatric patients fail within 1 year. The most common reason for ventriculoperitoneal shunt malfunction is thought to be ventricular catheter obstruction by choroid plexus. Endoscopic placement of the ventricular portion of ventriculoperitoneal shunt catheters is used to minimize the unacceptably high rate of revision associated with shunted hydrocephalus in pediatric patients. Villavicencio et al. [5 . ] retrospectively studied 447 paediatric patients who underwent a total of 965 shunt placements or revisions: 605 (63%) catheters were placed with the use of the endoscope and 360 (37.3%) were placed without the use of the endoscope. Endoscopicassisted ventricular catheter placement decreased the odds of proximal obstruction (odds ratio 0.56; 95% confidence interval 0.32-0.93) but failed to improve overall shunt survival in a 6-year experience. All procedures were performed under general anesthesia.
A controlled prospective study is needed to definitively examine the value of neuroendoscopy in shunt placement and shunt revisions.
Endoscopic third ventriculostomy (ETV) has become routine in the management of obstructive hydrocephalus [6 . , [7] [8] [9] . The literature contains a few reports describing the efficacy of ETV in Dandy-Walker malformation. Three children with this condition and aqueductal obstruction were managed with ETV and placement of a stent from the third ventricle to the posterior fossa cyst [10] . Association of aqueductal obstruction warrants simultaneous drainage of both the third ventricle and the posterior fossa cyst to prevent development of a transtentorial pressure gradient and herniation. There was no reported operative morbidity. In one patient the stent was malpositioned, requiring repositioning. ETV was successful in two patients. This author concluded that ETV with placement of a stent from the third ventricle to the cyst cavity avoids multiple shunting procedures in Dandy-Walker malformation associated with aqueductal obstruction. However, whether this technique will stand the test of time remains to be seen.
Cardiovascular complications in endoscopic third ventriculostomy
van Aken et al. [11 . ] retrospectively analyzed the anesthesia charts of 88 patients with obstructive hydrocephalus who had undergone ETV under general anesthesia over 5 years. The procedure was uncomplicated in 67 (76%) patients. Tachycardia was observed during the manipulation in the third ventricle in 10 (11%) patients, and resolved when the surgeon stopped the irrigation. Bradycardia occurred in five (6%) patients (median age 6 years). Withdrawing the endoscope away from the floor of the third ventricle restored the heart rate in all cases. Simultaneous increases in heart rate and systolic blood pressure occurred in six (7%) patients. This event coincided with either kinking of the irrigation outflow tube, or forceful inflow of the irrigation fluid to clear a view obscured by blood. Restoring normal flow through the previously kinked tubing or slowing the inflow rate of the irrigation fluid, as appropriate, resulted in normalization of heart rate and blood pressure. No postoperative complication occurred in any patient with intraoperative cardiovascular changes. The authors concluded that blood pressure monitoring with an arterial catheter is essential to allow early warning to the surgeon of abrupt increases in intracranial pressure (ICP) which may occur during ETV. Waiting for persistent bradycardia to alert the surgeon can result in fatal asystole or cardiovascular collapse. They recommended that invasive blood pressure monitoring should be mandatory in all patients including pediatrics. One way to avoid routine invasive blood pressure monitoring is to monitor the pressure inside the neuroendoscope. It is a safe and easy way of monitoring increases in ICP [12] .
Postoperative hyperkalemia in endoscopic third ventriculostomy
Hyperkalemia (postoperative increase in serum potassium values of 0.82+0.55 mmol/l) was described by Anandh et al. [13] in 20 patients following ETV. Since significant intraoperative bradycardia was also associated with ETV in these patients, the authors proposed a mechanism involving distortion of the posterior hypothalamus to account for the bradycardia and postoperative hyperkalemia. Of note, lactated Ringer's was used as irrigation fluid during the neuroendoscopies. In contrast, El-Dawlatly et al. [14] found lower postoperative serum potassium levels in 50 patients undergoing ETV under general anesthesia. Preoperative serum K + concentration median value was 4.8+0.7 compared with 4.4+0.8 mmol/l postoperatively (P50.05). These authors used normal saline as the irrigation fluid which may explain the absence of postoperative hyperkalemia. At our institutions, we prefer to use warmed normal saline for irrigation during neuroendoscopies.
Cognitive changes following neuroendoscopic procedures
Many patients undergoing conventional third ventricle surgery exhibit postoperative impairment of cognitive function, likely due in part to disruption or functional disconnection of limbic structures, which are located in the area of the third ventricle. These symptoms can be seen in up to 75% of patients but tend to resolve within 3 weeks [15] .
Mortality after endoscopic third ventriculostomy
ETV is now considered a safe and effective treatment for hydrocephalus. Complications associated with the treatment of obstructive hydrocephalus with third ventriculostomy are uncommon and rarely fatal. A case of chronic subdural collection after ETV has recently been reported [16] . The most devastating late complication after ETV is closure of the fenestration, resulting in rapid neurological deterioration and death [17] . The routine placement of a ventricular reservoir during ETV has been retrospectively reviewed in 84 consecutive patients undergoing ETV [18] . The ventricular reservoirs helped to diagnose recurrent hydrocephalus in 19 (23%) patients and allowed life-saving emergency therapeutic cerebrospinal fluid aspiration in two (3%) cases. It also allowed intrathecal drug administration.
Future applications for neuroendoscopy
Horowitz et al. [19] described the performance of third ventriculostomy in two cadavers by use of percutaneous intradural navigation. This procedure may obviate the need for general anesthesia as well as minimize the potential for brain and vascular injury, especially if combined with magnetic resonance fluoroscopy.
Another anatomic cadaveric report from de Divitiis et al. [20] reviewed the endoscopic anatomic features of the anterior brainstem and surrounding cisternal spaces via a transoral-transclival approach that enables full access to the anterolateral brainstem and to the cisternal space around it. Its use would be, in selective cases, mainly for lesions of the lower ventral brainstem, such as aneurysms, cavernous angiomata, and small intra and extraaxial tumors.
Cerebrospinal fluid leaks repaired with the neuroendoscope
The endoscopic extracranial transnasal approach to repair cerebrospinal fluid rhinorrhea, a complication of neurosurgery at the anterior skull base, has been reported to be safe and effective [21] .
Intraventricular hemorrhage
The primary goals in the acute management of spontaneous intraventricular hemorrhage should include the rapid removal of intraventricular blood, normalization of ventricular size and the reduction of raised ICP. All these goals can be achieved using a neuroendoscopic approach, while complications often observed with traditional approaches can be minimized. Longatti et al. [22 . ] reviewed their 7-year experience in neuroendoscopic management of severe intraventricular hemorrhage to evaluate its safety, efficiency, and efficacy. Thirteen patients with spontaneous primary or secondary intraventricular hemorrhage underwent neuroendoscopy. All patients were evaluated at 4 h from onset of the condition. After ventricular cannulation, systolic blood pressure was maintained at 120 mmHg. At the end of the procedure, monolateral or bilateral ventriculostomy was performed in all patients by placing a catheter for both ICP monitoring and drainage (with a constant gradient of 15 mmHg). The external ventricular catheter was kept open for 2-3 days, and then it was closed. None of the patients showed delayed hydrocephalus. These authors suggested that the use of combined endoscopy and intravascular embolization could be considered among the treatment options for intraventricular bleeding resulting from vascular malformation, once certain measures are taken to minimize the risk of bleeding from ruptured vascular malformations. Studies on larger populations need to be done to confirm this.
Hypertensive intracranial hemorrhage
Nakano et al. [23 . ] evaluated the role of endoscopic surgery in comparison with traditional craniotomy for evacuation of intracerebral hematoma resulting from hypertensive intracerebral hemorrhage. The study sample was 49 patients. Endoscopic surgery was performed in six cases, craniotomy in 11 cases and conservative treatment (no surgery) in 32 cases. Conservative treatment was chosen because of poor general condition (for example, thalamic hemorrhage with a volume less than 20 ml (75%) and an average age of 71 years). Endoscopic operation was selected for hematomas less than 40 ml, and craniotomies for those with over 40 ml of hematoma. Of the two operative groups, 50% of patients in the endoscopy group had good recovery in contrast to the craniotomy group in which 72% had severe disability. The authors concluded that endoscopy may play a role in the management of (1) putaminal hematoma of smallintermediate size; (2) hematoma situated deep in the brain, for example, thalamic hemorrhage; (3) intraventricular hematoma; and (4) high-risk patients unlikely to tolerate general anesthesia. In their study, patients undergoing endoscopic surgery had their heads fixed to a four-pin fixation head-frame under local anesthesia. Following CT, all patients returned to the operating room to have the burr hole and the rest of the endoscopic procedure under local anesthesia. Unfortunately no further details are provided. Randomized controlled studies are needed to determine if endoscopic surgery improves outcome in these patients and if local anesthesia provides better conditions and outcome compared with general anesthesia for endoscopic neurosurgery.
Stereotactic treatment of brain abscesses
Stereotactic aspiration of brain abscesses can be carried out mainly under local anesthesia with or without intravenous sedation and analgesia. In a series of 12 patients, prophylactic valproate sodium (800 mg) was administered to all patients intraoperatively; all cases had the normal perioperative course [2 . ].
Parkinson's disease
The modern era in the neurosurgical treatment of this disease began in the early 1990s, when pallidotomy was successfully reintroduced for managing patients with refractory Parkinson's disease. More recently, deep brain stimulation of the subthalamic nucleus, and to a lesser extent the globus pallidus internus, has become the preferred neurosurgical technique.
The success of this procedure depends on careful patient selection and on optimal targeting and electrophysiological recording of the subthalamic nucleus. Surgery is usually performed under local anesthesia thus allowing evaluation of intraoperative stimulation-induced improvement of parkinsonian tremor and dyskinesia. Providing monitored care in this setting is challenging because of the duration of the procedure, the extremely claustrophobic conditions, the nature of the patient's illness, and the requirement for the patient's compliance during the procedure [24] . Some surgical teams prefer the use of sedation during the periods of nonintervention 'silent' time either with propofol [25] or with remifentanil [26] . Nevertheless, temporary suppression of Parkinson's disease tremor has been described with both drugs [27, 28] .
General anesthesia is rarely used but can be employed when patients are unable to tolerate the procedure under local anesthesia. Maltete et al. [29 . ] recently published their results in 15 patients operated on under general anesthesia and their outcome was compared with a matched control local anesthesia group. The results suggest that bilateral targeting of the subthalamic nucleus was less precise in the general anesthesia group.
Surgical reports have been more extensively recorded than anesthetic issues. A total of 1761 operations at 71 hospitals were studied in a nationwide sample in the United States [30 . ]. Surgical complications included postoperative hematoma in 2.6% of thalamotomies, 0.3% of pallidotomies, and 0.5% of neurostimulator placements (P = 0.001). Patients who received neurostimulators had longer stays (median 2 days versus 1 day, P 50.001) compared with patients treated with thalamotomy or pallidotomy.
Krack et al. ] conducted a 5-year prospective study of the first 49 consecutive patients who were treated with bilateral stimulation of the subthalamic nucleus. All patients underwent magnetic resonance imaging postoperatively for the assessment of surgical complications. A few days after implantation of the electrodes, a programmable pulse generator was implanted subcutaneously on each side of the brain under general anesthesia. One patient in whom an intracerebral hemorrhage developed during surgery remained bedridden and died 3 years after surgery. Surgical complications were frequent but mostly temporary. Permanent side effects included dementia in two patients. Transient postoperative delirium, ranging from temporospatial disorientation to psychosis, occurred in 12 patients (24%) during the first few days after surgery.
Higuchi and Iacono [31] designed a retrospective study that included 796 consecutive patients with Parkinson's disease. The total number of operations was 884. Intracranial hemorrhage occurred in 24 operations (2.7%). Of these, seven patients required craniotomy and hematoma evacuation and sustained a disabling motor deficit (0.8%). Intracranial hemorrhage occurred more often in patients who underwent microelectrode recording and had a history of chronic hypertension. Hemiparesis without intracranial hematoma occurred in 12 operations (1.4%). Microelectrode recording was a risk factor for postoperative hemiparesis without hemorrhage. In 55 operations (6.2%), patients developed postoperative confusion. This occurred more often in elderly patients and those with advanced disease. In 17 operations (1.9%), patients required close monitoring in the intensive care unit because of postoperative hypotension.
Binder et al. [32] reported that the relative risk of hematoma (any type) per lead implant was 3.1%. The number of microelectrode recording penetrations was a significant predictor of hemorrhage occurrence.
Psychiatric disorders
Stereotactically implanted quadripolar electrodes in both anterior limbs of the internal capsules for the treatment of severe obsessive-compulsive disorder has been described [33 . ]. General anesthesia was used in four of the patients, local anesthesia in two according to patient choice. Their observations showed that the psychiatristrated Yale-Brown Obsessive Compulsive Scale score was lower in the stimulation-on condition (mean 19.8+8) than in the postoperative stimulator-off condition (mean 32.3+3.9), and this stimulation-induced effect was maintained for at least 21 months after surgery. The stimulation elicited changes in regional brain activity as measured by functional magnetic resonance imaging and positron emission tomography. Electrical capsular stimulation in patients with obsessive-compulsive disorder is attractive from an ethical standpoint because of its reversible and adjustable character. It allows investigators to perform randomized, blinded research and may become an acceptable alternative to capsulotomy.
Conclusion
ETV in the treatment of hydrocephalus remains the most commonly performed neuroendoscopic procedure. Monitoring arterial pressure and intracranial pressure within the endoscope can provide valuable information to the neurosurgeon well before critical cardiovascular or intracranial events occur. Randomized controlled studies have not been performed in this area since the reviewed period (June 2003).
Stereotactic procedures are usually performed under local anesthesia. However, these surgical interventions require the presence of an anesthesiologist to actively control blood pressure if necessary, as arterial hypertension has been associated with an increase in postoperative hemorrhage. There is a lack of consensus on the need for close overnight monitoring following stereotactic brain biopsy interventions.
All the studies quoted have been anecdoctal reports, case studies, case cohorts, retrospective observational studies and surveys of current practices. Prospective studies measuring outcome and cost-effectiveness are needed to evaluate the new surgical and anesthetic techniques in this rapidly advancing field. .
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